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imtm i ] *wftmtiLtmi&ztit:mmftb . 
ht. 

*m-th z t * <m t i-z ¥&mmmw. 

^im-f hzk*mkk-$h ¥mmm%w:. 

immmfrk<7)mzimm$i(tix®mzti, zcvmn 
tto^&< fc i>±t5o-gpt vmz*t\rtx/?zmfct 
mm?- h k . 

hk, 

tMH-* - 1 * i*a k ¥«weimi. 

*^=5r< k kXffiO-^kOfS^^ti^Sriafc-r 
fti£SfSy-hk. 

bk. 

* U ■fe/l' Srffiftfflil^JffiK t £ N A N D -t /P£ 

mth^k m®Lki-&*mmmgm. 

c fc * ttftfc f 4 i Ma*Ji4 1 39 
[is*ji 6 1 fraawfttt. m i ^^susym 2 o 

iix-C^ft h w>^S^IifS$a^£3*n:^ft C fc 

£#® t i-ftt»*« 1 nmt&*5w-rtnp 1 gee 
imaz 7 ) mimmm± . y -t^^*# 

^fc*#ji^mE#EpjB§iiftC:i:^^fc-fft^*3S 

1. 

iftgg 6 oi vf tifr 1 JSfciEHO^ftfBIIgB. 



tSiE^fltfflSfcS^ffiiaW* »«-tftXSk , 
liliE¥Stt*«LbK35 1 Of£fifl£j£$i-f ftXgk . 

com 1 *>ie»R±fciB 1 oawsnsfcjsiwsisk . 
mutt, Hici^ya ^kJSco«wfcM^^- 

y£j&£-TftXfSk, 

x . mm 1 w&mnxvm 1 o*s«§££ lais* =e y 

yy-thiMk, 

tmmz&m^&jMk. 

®MthlMk, 

Mia** y -fe/K^waiy- uKruifciBWW-ftttgaiFf 

k. 

z<om3<vtmm±izm3<?)&mm$:imt zxnk „ 
com3o3g«Mk. Biriam3o$6^^j;. ioieB2o 

HUie^ * y -fe/^- >y KW-^/KH yk LTMI g 

1 vmwsRvmsmy- mk &Em$w 

Srftlif-ft ; k *^k-fftiNi*ietegf ^Bg* 

HiiiB^*»h(3m 1 oieii^^ii^-rftxgk . 

C^ 1 cotmf$±lzm 1 «^S«JK* JSBWftXSk . 

mmicr>mmmzm&*?->izj-<?-->-?i, z 
tiz-?x?ttk ixms&*m#mmzm?ttmmmm 

m-hJMk. 

zm^fmmmwmx'm^/.xm^mmmt: 
mm-hxm.k » 

i^^*s«a:te»2<^«reifi*jsKU!ta, com 
2 ^iwsKRVMa* 1 o^«^^ t-rifi^ * 'J -fe/Kow 

XSk. 

mwm^mm±izm2ffymmimmtxmk . 
com2 ^lawiUifciWBy- h k &ftm3 o#«^^ 
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mtm±&m<mmu,zftwmznmz>im 
i 3 *>«sr±<ci&4 *>sraK£js»f *ig fc . 

£<0»4tf8HH8k. mi&&3<?)im&t. HUES! 3 « 

s\^mti-imsm2ffmwRtm i 

Htna^ * y >y h wAvt lx m g 

s *utas 2 <d?*ii§i h s i asm^JifMuffflieH 

s. 

[000 1] 

■fe^taWLT^^U-fe/l'J.-'y h (NAND-fe;k A 
[0 0 02] 

frntsmittftkLtiEEPROMimLtix^ 

%frXi>. ^tU*/«WWBlWI««LTNAN 
DMtflWW-iNANDfiEEPROMIi. 

[0003] NANDIEEPROMOl^f'J-t 
/Mi. ^NWKHtLhfcftWRS^UTffay-h (Fl 
oating Gate) (mM) imy-F 
(Control Gate) All§n^FETMO 

ftSflTNAND-fe^flljR-rS. ^iOid^NAND 

[0 0 04] ^%U*;l'7l'4attttt!lKJk&NAND 

xawiiomiy-hbyyiSxfZjtLximv-x 

ft) . iK^-Mlk LTftiiSSR$*ir^&. 
[0005] COiaSrSaWNANDgEEPROM 

tO&fflfcfljfcLT. fi6*Wl :K. -D. Suhetal., 
"A 3.3V 32 Mb NAND Flash Memory with 
Incremental Step Pulse Programming Schem 

e." IEEE J. Solid- State C ircuits.vol. 3 

0, pp. 1149-1156, Nov. 1995.. iJj;t>'M*^2 : Y. I 



wata et al., "A 35ns Cycle Time 3.3 V Only 
32Mb NAND FlashE E PROM, " IEEE 
J. Solid- State Circuits, vol. 30, pp. 1157-1164, 

Nov. 1995. mw$mtfh&. 

1000 6] _htEM3feMl fi!*«>5NAND®EEP 

ROMvMfttfmiztix^&ibK *<?>ft®*aTizm 

2 9*i£Vm3 0£M^Xffl9lt&. H29« x 
7V4<rmm:^i"?vv7mxh*). 03O«iffi* 
(Erase) , ^fflL (Read). (P 
r o g r a m ) TXtf.m*^-fmXh& . 

[0007] 0+*>B S E L!i7n -y fWWM^. B i 
tl inel^yM, CSUiV-X^ CG0-C 

Gi5immy~vm. ssl, Gsuiaa, t' 

L, Pass W/Ltefil-ftU 3tiRNAND?l]|ty7> 

[0 0 08] ^J:dtfM£ft£^yHr/Wc£Vvc 
M*»#B$(=(i. El 2 9 Oftiiy- «CG0-CG1 

5Ji}gtffi£fi&. jM^7P-y?07n>y?SIiWf^BS 
ELli "H (CftttE) " k&9. fam/u^M? 
n»/?jjfflflf*|-BSEUi "L <&t&«tt) " fctHfH" 

4. LtzifiiX, S^D7?^7-miiiiHi 
(0) kftD. ^JRy - P'y^OV-m^7n-T^ 

(F) 

[0009] ifcfc, 21V, 3ms 0ffl&'CA*«frOl' 

? (Bu i k) (-fe^p^x/u) tcEpjD$ni»„ -e^sg 

Iff ( 2 1 V ) j&fjfob 0 . FtfltWF N 

(Fowler-Nordheim) hy^-;^^J: 

- 3 Vk&& . NANDI777 ^a-CJiiflil**™ 

mzm<mikztih. 

[0 0 10]-*, #Hl^D7?li, 7P-f^^ 

Kttfc -t/p p -7 x/Pt 7ry y^c 

JBtoV- mxit. 7*n ■•/ 7HfRm#B S E LOAfif 

[ o o 1 1 ] # y^Jtii. 7n-f^ yr&s&m 

7-mizmM%ti&®m*e>Hr$fetLZ. bsel? 
>r -;n-'±<7)WS. ^y^yaycoy-KUfc-b^P'? 

;PP -7x/U t «)»«#^ffj|tdtj LTiEWK** V\ 

*sBS»*>4>*«>fe* y ry yymmo . 

9 k A^ < . FN h y^«8SW t aeh.&<0SI»ff s . m 
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[0 0 1 2] 4fc. K»ajL«f^Ct±. l^-i^-fe 
/Ur-^J^RIWC^-^^y 77(Page Buff 
er) 5O<D7-y^08& (Lat ch) 5 1 CUSS S 

[0013] i^-^#<^/i^-?£-fc>;z.l-£^, 

Btne^-^s-.y7r{iS%J "0" (t&JIn-l^l,T\ 

ffl**;w*»»asUfc«tt) fc*WHkSfi-cteO. S3 
lot ltjjrfidt. t*«y MWiOVfc. SHR^-h 
msSL, GSLJ44. 5Vfc$r*. H3 lO 

t2t5rTi:dt, jS#?7'a>y? (NAND^lJ) f*jc0^ 
mv~ h'i(Selected) iZitO VfiK MtR^n 
■vffWftmi 1 ?- h'H(Unselected) fc(4 
><xttJBET*6 4 . 5 VffAJjZtii . ^iHflV- h*« 

[0014]-*, 0 VEUJaoStRy- Httfci 0 , ffi 
T . }&'*?£?)-fc>U#B^aj £ tltz NAN D^iJtt t* >/ MS 
!tNAND«h*7h^iM!i (^-7y«S) t 

[0 0 1 5] H3 lOt 3fc5?*-J:3fc % tfyMUfrfc 
95Bflr3*lTiJ 9 » 7-v1-T-fl3.SE 

efti-jT, 2/xAW^mgS^b'y M&t{ft&T-S 
PMOS^Uyh • $9-HISS (Cur rent Mi 
r r o r ) 5 30mWvS1tftStLS. 
[0 0 1 6] C\<7)t%, m%i&>*i\'ZWt&VX^h 

tvhircii. nimmmtmzti. "l- 

"H" WWfcfcS. 113 I<7)t4t*r?-J:?t, 

a^ao-b^a^ajLTi^t'-y mk4sense?- 

7>^^5 2£«iS-fr, 7y^T-?£ "1" ttA 

[ooi7]c5Lt.## a»a^)-fc^*R»aj l*: 

5-y^H]^5 1(S "1" Sr. fB*ft*)-fe/l'£iSlE*ajLrt: 
5»/f-0»5Ui "0" SrfffrfS. -ix^ "1" , 

"0" nyv+T-fiimfrftLmmwz^ iso 
[oo 1 8] ssaawrtt. *-f, aawt 

^-y^7 7r 5 0tS#a#T f -?# i; o-b"£;?'i&. 
" 0 " 2^ £fi= 3 -b^r-^-CA 0 , " 1" \m 



mmztiz. 

[0019] #»$&*1M ?/Ui, »S&*vWXfc 

"o" 7vf-w:/Koiis&a**i»±-r6!t^'yx 

4 0us<7)m%i&>--*M?MmT<?) ( 1 ) - (4) cr> 
Xx-yTTHUSSfl*. 

[002 0] (1) t'vMSl-fe y bTv T (8ms) : 
^-y'A'»/7r5 O£)5-yf0E&5 lrt^tlS^f- 
?tftoTt'vM&DK>W£, *Sa*J40Vfc. * 

[00 2 1 ] (2)f^(20/xs) iSKV-h' 

[0022] (3) y-FIKSW <4*ts) :»fR7- 

l s aw>smfiUi»*$i'u ftoffiv vy x u 7 t 4 miw 
XjUzMtZ. 

[0023] (4)fiaWx'J7r^ (8/is) : 

[0024] l^a-Tx >J 7r4MrC\i. 
**«tT*)*lfc-b;l^)9yf-|gJi5 US "0" "1" 

im tx-h h h>k y v j-mm 5 1 ta** &*#jbuot 

-^*«fiH#§^ 0V£iif|&|>0. 7V»-F 
UtA^SftS. 

[002 5] »£a&-fe;Wcr>L£V^ 
ffi«E#0. 7V£ffl*Jfcll*, tth%. +jHzm£& 
MffftotVfcfttZ. 7v^-IeIK5 lrt^-r-^fi "0" 
frt "1" ^i:3&fW6. "1" x-^OA->^7<xf- 
M51I1 7'x'j7r'f IWrcii? -y ^OBS 5 1 li 

"0" fr*> "1" ^^t-tSfcib, ^^S{t=5r 
V\ g#ii2HM ?/Hi, ^-^ 7 7 7 5 0«57f 
0»5 13&«^T "1" «t<»il0-9" 
■Y ^ /I^)ft*?j|# a^^lc^t h t xm 0 ®$ til . 

[OO26]032fi. SIR-fe/K^f-ir^fcttf&^-S 

KW<oa«y- MRS S Leo h 9 ^^^liSGiWSR 
*tiO vfc, ##ii»«jtHr;Pc7)t'-y MBliVccKf 

!><> 0 VOt'-y MStCiO. f»NANDJ||Oft^ 

h5 6t,ZAJ)Ztl&t, ffl&?-y57b1-**HV5 5 
^r^f-y ^^;^H*^ t . f?iS^'- N 5 7 £ 

[0027] »Sa»*jt-fe/HC*}^tJ4 s Vccc7)t'.y 
Mftt J: DSt!?NANDfrJ<7)^^^5 8^fii^l:§ 
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l imW7- YWfijLhl&h t . *^ 5 8 # b' >y 

MMtojBRy-Missu y-xtMfloaHRy-h 

-r-'iH5 9. ??ii^->60. 

[0 0 28] ZVkdtz^ ig^7n-y?|*i^«£j£&SI 
±<0NANDJ!JWf-+*/Kfi[«7-K«fcf-^*;Ui: 

[0029] miiv- mt i-**)m<m&A vtv 

[0030] B = Cox /(Cox + Cj) 
ZZX\ Cox, Cjl±^m7-mift^t 

[00 3 1] NANDfltof-Y+rt'SaKi. dfl 

[0 0 3 2] CTiif. 0. 4wm;MW6 4M, NA 
NDSEEPROMcD^-. -b/Uh^y v^CDW (y 
— Md) /L (y-h&) =0. 4^m/0. 4jum"C 
fcOs y-HHt'y^iO. 8//mtJ>5. £*>6 4M 

y- r- ^SC o x jg^ggC j fitiii'^ U 
<. ^-yr'jy^itBJio. 5 (5 0%) fc&ft. ft 
fc, friES^-SMc j li, ^^p^iik ^b^yy 

[00 33] mS&XMKQ 1 1 5 -y7° 

fcibfcfcL Mlfcf. «#S*C j 1/4K"*-* 
L*»U ^g*£ffiT3 

■te/H^ya^wy-^fi.fctf KW 
-f^«flE*»<1-sc:fct±y-xtj«tVKU>f yois 

[0034]*^. y-r-SfcCoxfrfft&llS^ 
£4C j £M^3*63f£fc Uf, ^*^J3 : R. Shi 
rota et al . , "A 2.3;Um 2 Memory Cell Structure 

forl6 Mb NAND EEPROMs," in I EDM' 
90 Technical Digest, pp. 103-106, Dec. 1990. 



& «fc 9 C, yjV-jUi FbUzbZ £7- K|§0> 

t-y?-£2 FUTFfcLT. ISBWte. BHK7-HKIBK> 

[0 03 5] L£>U ZCOmt*. 123 3 (a) - 

(d) (c^-fidc y-vnix.vi-yyi'&mz, 

2&^*7#£ffll>T^I>*:#>. mi^XfftX'fo 
Sv'jnyg-ftti (S iN) 6 5 fcS2*)-?X?#T& 
Sl^'X h (Resist) 66 i: (©ISlT^trtHYLS' 

J[]Iffl?X7#2*fe£gi:£9. Yv^ZJMttmkt 
[00 3 6] #§ji^c-b;PP^x^MA 

jiififiwts^otvi' h'f y ■ ^fy^tSAM r 

Xfc^W^«OiSHftfcJt09f-4feft« Wiif. 6 V 
Of- y faUW&lztt L X . -fe/I^ P 7 x ;HC - 2 V EPJir L, 

HWmX'^^\ Lfrb. ^^7*XS:-fe;PP7x;U; 

[0037] Ja±»*fc * 3 C ^7 "/TV yf&B 

[0 0 38] I>(IS^*^J2. tiJ:tXfl£*0|4 : 
T. Tanaka et al., "A Quick Intelligent Pro 
gram Architecture for 3V-0nly NAND -EE PR 
OM' s," in Symp.VLSI Circuits Dig. Tec 
h. Papers, June 1992, pp. 20-21. T'ii. g#&#B5<9» 

§ a^M^NA n d *ij*>*+ *;mffi£i9iafie*M 1 
b&mk-ffiX'S-Lx^z. t%h*>. mtrnmn 

Tit, 7 o-f y^^JBt L7tf-v^fc 7- K»fc 
^-^^«fi[*#E$-frTv>s«or^s 
WIEft*W2tJJ:Vfia60!l4 , tii, f->y7F*]«2 
0HK?5f-+ - ^>TT#ff tfvrS§ a^«±«E^-b 

[0 0 39] 03 414. tfcfcm^^'J-fcrt'iUtft' 
vHR^O-fey^ryyc^HKHT**?, @3 5ti^- 
£7)NAND?lJc7)^^ >J-fe;K7)#|tii» (Progra 
m) . iH^ttlL (Read)^ill7T'f (Veri 
f y Read) i6f^ <D) U T ^WMZnttmX'h h . 
[0040] ®£2.&c0|gt, S^NAND?iJc7)^tR7- 

hcg6 (MHpy-MS) wivpp (i8V) zma 

L. ^HK?7-HaCGl-CG5, CG7, CG8, 

tJivaBRy-MasGifcfsvm (iov) ^Epjirr 

mZ&fr&'tTfr%^t'-y h^(C{iVmb (8V) & 

zti*:ti^yxTy7±*)tmth. ltetf~>x. 
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&**jk<0NANDJlJ«O?-**7MZt±, h'-yr-ffL mtR 

[oo4i] z<nt$* m^y-hma^mmiKv- 

Vmbi0fc2VB;<LTV>*(OJi. jSS?>-*~bcDL# 
o -bfUX 0 1> NANDMtt'-/ h«HMz&t«&. 
[0042] frte^*0iJ2fc it/^*M4^W^i: L 

E5r-fe>^.ryr*^h''y -fey 
•xry7-coisfh±, F^yi^fcSWjEh 5 

[0043] mmV&Vcctf 3 . 3 V(Di§^\ <l<7)Vcc 

b yyfxft LxmtTZ h . -«r*>fc, f If 4 y • 
;t^-;l/*\ M£(f 0. 4umb^oMLiv\>— ;UTISIt 

[0 044] L*»U «a^iitE8V(;ii^ 
^yi^ti. MJHfcKJ?#2 0 o*y^ 

y/i— (f l u m fc fgv vU-)Uxm^t S ^ 

«■ w r«7 h-r 4 i t tffflitfc Srs . 

[0045] gsr^raasfc lt , *+*A*:tr* bts 

ax? t^mm^v-mi^im^y- bmztn. 
£wa« (wvh^) 3 ran** lt 

»*3a**fT0NANDy!lOf- J \r*;USVss (0 
0. 8«y-hh9ys^*^-hRfl^8B«£ffl 

<iv^ras*^§^s. 

[0047] fci^>T\ gi5. imzti*:7-x*7i' 

E£f£T$-£&NANDSEEPROM ($Bfc$l5) 
(%5fcM5 : J. D. Choi et al., 
"A Novel Booster Plate Technology inHig 
h Density NAND Flash Memories for Volta 



ge Scaling- Down and Zero Program Disturban 
ce, " in Symp.VLSI Technology Dig. Tech. 
Papers, June 1996, pp. 238-239 „ ) 
H3 6«i. ta^<?lJ5coy-^^ri^-h*W-tl>NAN 

NDMEEPROMti^idtC^^TV^. 03 

&ny- b 7 2tffl&zti* z<7)i$my- b 1 2±ut 

ho %LX* $ blZfflfflWy- b7 4 ±Xz\$?\s- b 
5 *itLX7-X?7V- b 7 6 jWBSSJiT 

[0048] f f£3ftflaj50NAND3[EEPR 

fc. 7V-MHk8t7 5tWCVDI«(Si 
0 2 ) fc^^Xfy ■ sKLUM K(pol y-S i fc 

ws i x ) s-tftsu -t^a, 7i?>w bm*w-- 

y?'U &7'vv?<V£*^V Jul - byy ; Jx^t:m 
5 7-X ? 71/- b7 6 £JEM L Jfe i, OT'& 4 . 
[0049] ^tU -fe/UOi&fft±. «#WtC<i|irfBffi* 
01JlWNAND^EEPROMt(Iia , |SI«-CS>S* i . f¥ 
fflteHl 6fc^J:o(;7'-X^T^-h7 6 teli, « 

[00 50] fHBy-X^Tl^-Mc:«i2o 
r = Ccf/(Cf s+Cc f ) 

cc f \mmy~b (v-h 

IS) 7 4fcS»*-*-h7 2BlW«*T»0, Cf s\m 

my- b 7 2 1 mm o ia^s**c** . — t 1 -^. 

^7°!^- h 7 6 *#JP t7t^c7)§»^ y7*»J y^Jrtr 

rb = (Ccf +Cbf ) / (Cf s+Ccf +C 
b f ) 

tBkbZtl. mk(0~7'-A?7]s-btf%^tik&C7)r l k 

E*ffiTT#4. zzx\ cbHiy-x^ru~b7 

6 1 nm- b 7 2 m^mx-h s . 

[0051] m*^f^*^ vru ynta. 

(l-rb) T**3Sn43t«). S«7 04:»jay-h 

7 2^w»{im*A# < -e& , 0 tieapsrm*, 

4^x- b^y^x^^oEnSDWEiffiTT-^l.o 
[0052]^ 3— owflhSli, h ( 7- V 

H ) 7 4 k -f + */Ha<o§Jfcir -x T D yy&tfj& < % 
ZZtX-ht. 7-X?T\s-b7 6tf$>&t$r£(?)®S. 
*yr'jy^JtBb(i. 
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Bb = (Cox + Cboot)/(Cox + Cboot 
+ Cj ) 

b&bZtlh. lit, Coxl»*-N (7-F 
ISO 74t^*/Pk<OH^y-hSS<7)IS*I. Cbo 
o tity-^yu-h 7 6 if+^k^y-h 
8*08*1. C j B-fe^h^^X^OV— F 

UNO**- F^yi^tf^fciigfcSSftSKTfc. 

&feltih«)N A N D W0>f-* */Kf4**< f ft i 
k#-C# . aw* ii»fc*«-4*7-yy3WlhT'* ft . 
[00 53] 

7*-X F 7 6 k??i&y- F 7 2 k <Dm<0®mc 

bftt#*y-F7 2*«rctt*ft. ^t. §^>t 
§fic b f <-*6fctt % 8»y- V 7 2tf>KJK 

[0 0 54] L*»U ff»y-F7 24>BW£*<-$-ft 
k. j*ay-F7 2<Ofc;*"CgHij&«*#<5SrO. *«0 
t*Wo-t.x*<H»3Srft. 7-l^-MMUI7 5 
«P£*f< Lfc 0 . JtRM^iev^mftri/- Fig 
i\M 7 5 fcfflv ^ £ k »±@Ktt<0±t1R»*«* ft . bfc 
H3 6^-rffljtTti. $ 6fc#JlC b f £ii 

SOUWCfcft. 

[ 0 0 5 5 ] Sfc , 03 6 £^-f«BrC'(±, IW«y- F 
(7-F«) 7 4fr»Jft». NAND^JcO^^'J-b/^N 

ftfctf). .1 <ojg£«C j tcj: OWflPy- F C7- F 
tft ) 7 4 k f-v *;W§j?>;$ >y 7* U y^ifc^h* < & ft k 

^dianBw*ft. 

[0056] *$&njfc^ fnaRijas*)B*-rftfc«>t:* 
$#ut«><ors -e^awk-tftki^i, y-wrv 

*/ffl*/HI*fll LttftOTtesfirN A N DSE EPRO 
MSrSflW-ft£J:T*ft. ~?-X?T]s-bWTF 
«y-x/FM>«Kfcil<"t£i:fcJ:9, NAND 
Wf-v */M»««f^««^8 < U lM»y- F k f-* 
fc y 7 yy^Jfc*** <-*-*. £*ite«J; 

W*&*i->>y£&Hf&z t^mt LX. flUttO 

[6i±£H 9*#ft¥^ttfei§3iH£ig«-f ft £ k 1=» s . 

[00 57] 

[IIMfcW&^ftfcfcO^S] B«IB@W^Bl£-rft^ 
(c. imifc:IEtto¥«Hcei»iau. ^®ftS«± 

M 0 ttttBtert LT»*t« ixtzimy- F k , fflS&tt 



flitftc:k£#®k-fft. 

[ o o 5 8 1 1 Jt . fg&B 2 fcia*<o¥s*iassst 
i ±iso-a k <*>ra t * - v ^ ? £®j£-r s ssay- f 

y-Fk&ftflWft£fc&«Ffifc-r&. 
[ 0 0 5 9 ] 4fc , I8*«3 CiEa<^NI*iBflSa 

t . frisky- bmtmmftLXBf&ztitzmw 

7 f &s»tft £ t £#®k -t ft . 
[ o o 6 o ] ±ti, m?m4 izm®<7^mii$$m 

nmztmmfi-Lxmwzir-. z<^mm^>^<b 
y- f k *-$thzm<nw v ? F«3t*>6*ft«mw 

D-fe/PS^fflN-ft £ k £*&afc-tft . 
[ 0 0 6 1 3 i , $ 4» |zm«fl 5 fci Bttc^llfMett 
HSi±. if*JRi^l*^JS4o^-f^^i«t;iaa<7) 

ay- FTfctJttftaHfsw^v^fcRia^*^* 

ik^Stk-tft, 

[0062]*^.$ ^zmm. 6 t;teit^#s*ia'ii 

HiSU. lt*^lJ!;Sit#Jl5^l,^^lfltiet8<0 

k eas^WK»*t6iut f ky^rtc^^a^ii 

^^T^rft F uyf*HMKWS3&g8«3nTV^£ k 

^^mk-rft. 

[ o o 6 3 ] i/s . $ t>\zmim. 7 ^wmn^mmdm. 
mwii % 1 7bsis*ja 6 i i mzMmco 
mmzts^x. mmnmzte. x^vwwwzik 
mizmz&*mKwm[iztiizb$:mib't&. 

[ 0 0 6 4 ] £ , Cit*« 8 *:fBtt<0*3»ftiE« 
^Bi4, ^*^17iM^«60V^-ffi^l«(c|B®<?) 

Sft1^«E^EPJD$iift£ fc ^^k-fft . 
[ 0 0 6 5 J ifc, 3 ^(Cif^Jl 9 tiEa^^ftiE* 

^^U-fe;U^^UT^^';-b^->yF5:^-rft^ 

«Ms«Ki^eft»stc« v . mi^mimmzm 
ntmmzsm-t&xmt. znmwtmwLtizmi 
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yM^n^iiffi^iiM^^-y^^-rsxsi:. hue 

IBIS l <7)*£iS$lfc J; r/m l *>SWR£ ffrfe* ^ 'J -fe/KO 

m&< * y *jv<omwy- hwmtmmti mm^ 

t. z<r>m3comwmt, msm3<otmmt, mtm 
t i>K\ vzmttzm&i i vmwmizM®?- 

vW-VFW ybLXWUfctzmmz. 4*y 

aAtci *)mmmz^~-y^tLfzmi<r>mmm 
Bxmsfflmy- mb nemm&OMteBi&ti 
xmb*a : mz>zb$mib-$'&. 
i o o 6 6 1 t 7t . $ ^cm^e i o izmt&mti&i 
wsmwwm-xmz. ^wmsinzm^titimmm 
* y -tjuzmm ix* * u -t;^- * b * ft & 

^1 JSB^SIgfc. COSSlOlftSIKJ: 

(3ft 1 <03HtK«: JSK-f Slgk . hJIB^ 1 <mm* 

mmm^muizm^mmirmm-ixmb , 

2 o^mji^i/Miam i <o*£mji£iuifix 

lam 2 o&gBU: $ 1 «0^«Jl^«ii*±(cm 2 
KfcJffiRtSXgfc. ;<0»2<0«MftK±fc»ay-h 
h&l>!g3^2im§l£»r&IJgk. fufB^y-te^ 

mwLktzm3<?)tmmzf8m-ixnb. i^3««s 

m&mz^?--y7Lx . ^<bts.^zmm-t 
zmzm 2 c7)#«^fc m 1 ^ra^wwwatciHiwy 

4 *>-&A£<i Dlilie»1Kfc^*--y^3ftfcSS2tf> 
[0067] 



HM^.m^^Mai^afcov^T. nandmee 

PR0M£#Ji LTKW-S. i-T. *fMBO!Bl<05l 

M<mm<r)NANDmEEPROMcommzr>^xmty 
-rs. 

[00 68] 01 3fi. !Sl*)fSljft«JBJBtf>NANDg 
EEPROMc7)«^^-r¥ffiHTfeS. Si 4. Si 
5<4. 01 3$>C0%tl?tlX-X' . Y-Y' 3ffi(;:& 

-jJtBfiSH'C**. 01 SUSSfflU:*?** 

"to 

[006 9] 01 3-01 5lc*^-J:ate, pfy'Jn 
>^l±fcH:**y4r/l'N*x/l'2jWB#S*U 
* * y n »7 x ;u 2 J±x * U P ? x ;P 3 jWB 
j£S;fuO*4. 1ufB^ : ey-te/J'P T 7x/l/3J:£(;t 01 

-)i> vtmm xm±titMmz\±^ a m<r>x^ v 

Y7y i Jx?b%ii*mj2 M<VM1R'¥- h h?y ; Jx 
9i3*L>*£h NAND-fe/k&«OTf5 «t o fcJgjSSivrv* 
4. 

[0 0 70] MB^^U-fe^P»7x;U3±Wi. 014 
IrZ^tX 0 . mmtf 5 n m~ 2 0 n m(?)il«!!/^ 
=fir4SEl^y-MfiliSJ«53WB«S*L, $4>^^H1 

gPOXCti . j&« 10 0 0 n mULhc7)IS 1 
[007 1] §^>fc. 014C^ti-5t:. Hli**5n 

tfx ^ y -fe^p *) x/u 3 isit/7"-x ^ h 6 ±t;H 

Om$il. ;^>»2toy-M6tS|«9±feJ:Kf|i|S7 
< ~)V KiMtlR4 sO-gB^±(C(i . H/i# 1 0 0 0 n m 
£Lh<D» 2 cr,$r^ B iy y 3 yjRfc s v^Ji^ y -9">f KJRfc 
iMtft^'J 3>'llfc^Sii)l^^ : 3:i»#iay- h 1 0*i 

[0072]^:, WfESitt^- h 1 0±fcli. 01 
4, 01 5 fc^rt J: 5 P?* 5 ! 5nm~4 0nm(7) 
^3«y-h^^l 2*«$il. S^K, C<0^3 
C7)>*- Hgl-fb^ 1 2±tli, JfiWA* 1 0 0 n m~4 0 0 

nmn^n&teikyVziyfo&wiZisyiM vmbZ 

mgk*>V3ymt<7>mmm i M!$.2tix^&. znmm 

MfciD. 4f|^^y-fe;Uh7^^^^y-F^ 
1 Satdil^^^y-fe^h^y^^ 
hhy y ; JA?cVMtR?- h & 1 3 b 

M^S. $4>tZ. NAND-fe;^h'U>f y&bV- 

xmzit, N+ Jf 1 Aff&f&ZtlX^h. 

[0 0 73] 014.01 3&4 

£^^J11 5^ffitit«S*i. Clt»)fB4«)«B«l 5 
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t yry 7 1 7 aw fefvc fe 0 , $ £l«ieJ&4 <nm 
itr;ps^^ (ai ) fr(o%z>V'vvmsimw.z 

[0074] -r^h-h. zcr>mi<7)mm<mmcvNAN 

DiEEPROMfl olzm&ZtlT^h. pB 

coy- httftK 9 £tf LTffitty- h ( g 2 W^Jim 

&) i o#i!ifcs*va>*. .romsy-M 

(m3<0&S«ll) 1 3aA*ffiiaSilT^4. CKOAo 

^t , j-b^t«»«(ii'Ctt4fli)iiwH»nu 

££ft4>£#triSiRy-h h^v&U^fcfcBLTX* 

U-fe/lOL~.yh (NAND-fe/W) sWMESfu 

U -feyP jls >y h #7 MJ -y ? Xgd?iJ 3 irCX * >J -fe/PT 

[00753 4fc. iIONAND^EE PROMiJ, t' 
■y Mftl 8i35ilbTffilS£fl. ffiE^^'j-fe^-'y 
Mrl9iBt*./h^l8X(i^®V-^S (EPW) iz 
Sa**-li-ftaBRy-h»13b^L» 34>£, wis* 
^'J-fc/PTWO^-HKl 3atJitfaH?y-Mftl 
3 b taWW-4ffWR#iai: , BUfS^ U-fc/WW CO 

[00 76l±McOj:d^fi!^§#UtNANDSEEP 

m&mi6&frt. zcomieii^ 

13 vegans it. *fciB*«(covtf % R»fflLB§fc 

[00773 ,t;t\ T'-x^rb-h^^rf-^^^u 
•fe/Mcfctt S_B£ Lfc 2 mmMz^xm*. h . i 

U^Jfcrbtt. Jb&Lfciofc, 

rb = (Ccf+Cbf )/(Cf s+Ccf+C 

bf > 

fc*b**i*. ^c?)^4>c7)Cbf liT'-^^T-V-hfc 
h |S4>g*T& 0 s 0 3 6 CCtk Lfcfi&fcW 5 (50 
7*-* ?7" h -T § ^ ^ V -fe^cO^SC b f (i?? 
h?)ffl|g£:7*-X:?7'l<~ Vfc«|8lte»ft&;JU 

§fir^§iti». u&»u znmwm&mmw 

f h l ooifflMfc 7-^^71/- h 6 1 <?>Wl 



tm&y- b i o tomizm&ziz&mML&toZfziie) 

E£ffiTT*#£. frfc, C c f h 

i) 13a b&mir- h 1 OPbIO^S-CS. 1 Cfsli 

[ 0 0 7 8 ) ±fc. ?H*^c0^ft^ 77>J y?m±. 
( 1 - r b ) "C&b§;h.Sfctf>. *f£fc*¥®y-b 1 0 

m<r>m&&$±% <x£. mm 5 x 0 «,»aMrfB*. 

/7 yT'jy^Jtrb^#< : 5:l.-fctj;o-C, aE»ffi 

[0079]^;, to — ocof ij j&o . wwy- h ( v 

Bb= (Cox + Cboot)/(Cox + Cboot 
+ C j ) 

h^§tts 0 iiT. coxtisotpy-b (y-K 
H) b^r^t corncob- hmAcoWfa. Cboot 

[ 0 0 8 0 3 03 6 (3^ L^i^fiaj 5 <ny-x?y\s- 

htt-t&J^V-t/VX'li. 7-X?7l/-bcr>mTtZ 

v-x/y\/4 yffl&imw&tix^h > Lfrl. z<n 

W, 1 COmt&CDBB&y'-X Z^-th**: »J -fe 

/PTJi. 7*-x^ru— h6coST?)y-;v/>-w y 

W.b-fhZttfX'^Z,, LtztfiX, NAND-fe^f t 
*/USP<^f^«JIC j < 0 , ©iffliy- h ( v- 
H») 1 3ab+T*)lUb<7)ffl<a!&M.J!}v7Vy?~lt 

AND-b;PcD^ J r^;WmfiSrft<-fl»C:h* s -C^- 

[0 08 1 3 ±£^l^HSfi«0^cONANDa 
EEPROM<OJ8S*ifet:ouTittW6. 01 -01 
5(4, SllO|ISfe<7)JB®C0NANDMEEPROMC0$8 
3tlS^-r0T*S. 01 , 4, 7, 10, 
»l<^afcOJBSt«0NANDSEEPROMOSJiIg 
ti>(ti» ! FM0T-S.O. 02, 5, 8. 11, 14ti-e 

KrMSL 03, 6, 9, 12, 1 5&Wm?)fB£l 
gfcfcJtS ¥ffi04>O Y - Y ' fcBfBSErcft S . 
[00823 01~03^tJ:3fc. P«y'J3yS 
«Cl±(c^< ; eD-(:^N^x^2S-^L. ^^t'J-fe 
;WN»7x/P2[*l^^ l J-t/UP'7x;P3?:^(S;-ri. t , d 
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4MHttaUt) 4SrJgjSf&. filTfe«ffi7<-^HiWt 
■4-CH4*lfc«**^>. NAND-fe/k idt'(±4ffl 

h b7yy'x?*^&SNAND*;K3iai:fr&2:^L 
TV>< . 

[0083] BulE^'J-fe/l-PVx^Sik:? 4 -;D< 
RftK4*gffift x 04 ~0 6 fcijrf J: KfftfS 

n m~ 2 0 n m^SSftfttfl* & 1 bfflm 

fc » IP 1 0 0 0 n mJJLhcom 1 LISAS' 'J =? >m 

4>&£ 7-X*-rv- b 6 £jSBW4. 
[0 0 84] «W£\ H5C*i-J:dC v^^t-t 
6->UnyaHUR (SiN) IZW??? <m,zW 

z-?x?bix. iscstiac. mtmin-y-b 

[0 0 8 5] at:. B7~H9fcij?*J;3fc. BUM*5 
n m~ 1 0 nm««MWlJ|*»fe«r6JII2»y- h&i&JI 

1 0 0 0 nmJjLh^lB2^SA^U3>'IBft*^«:>' 

y- b i owoftim 1 1 tmm-h . 

[0086] «IE»»y-h 1 0±t. 

1 5 n m~4 0 n mcDgi 3 05^- MggR 1 2 fcjftfct 
£ 0 £*>*3*>y-M»IWl 2±fc, Rgtf 

10 0 nraM 0 0 nm<7)|g 3<7)#^v''J ny$>SU 

<± v y im HKfc >j n fc os^jgi 1 3 ** 

[0087] mz. mi 0-01 2(c^-f<i^t=. fine 
$ 3 <n&&8& v a y» * ^liv' u^>f MBit IWAS' 

ya^Kt^JMJKl 3i. »3©y-MMWl 2 

bV> u 3 y§ik nmmmx'b mmy- mo*.sh 

x»/f y ftKLi- h . J: 0 . V- K* ( fflfipy- 
h ) 1 3 , MS 1 3 b&tf»i»y- K10» 

[0 0 88] %cr>1£. NAND-fe;UDK W ygBk 7- 

y^^HOFM y/V-Z.mt&lZ7-Z-77'U- b 
[0 0 89] ^C. 01 3~dl 5tC^-fJ:3(C. J&4 



?y??b1ll 6£§fl{t£. ^03>^^b?L 

Xr^^l 7fc««3*l*T/l/5-">A (AD* 

y« 1 9 T£HM -3 . £Ltlz£ *) , LOM 1 <OHSS« 
fS<7)NANDIEEPROM(^f4. 
[0090] fiUJCT Lfci d ticoH 1 <vm&<v&B 

izititf, y-xfyu-bt&i&y-bmnm&z® 

JzH-ttZblizX*)^ ®2kV>-f-X9T\s-b*tth 
NAND-b;PMEEPROM(;it^T. Z t>lZ{$MJ£tZ 

[009 1 ] ttz. 7-Z?7°U-bWTFcr)V-X/b' 
cDm^m^i: /Jn$ < LT . WISpy- h t ^ ^;^k W 

m**iv7v> <xz&. ztazx*), m 
&&m±mE*m&>&zbtfx'$ . zcoftnwmz&fr 
•z-isytm&zbmmb**). fm&<»fo±m 
4ik*t-§i»„ 

[0092] mz. *mie>m 2 <om&<mm t tr. 

3)WMBfB«fc D^^f-^^SIST I ( S h a 1 1 o 
w Trench Isolation) Jffl^fcNA 
NDMEEPROMCDffimZ'O^Xmit&. 1SS8S1 

wmmBBxii. m?#mm®iz7<-j],b'wnm$: 
a^*«*fflv^«^-rfc, ^miz^mizmm-thz 

btfX'th. 

[00 9 3] 02 6(4. m2V>mfe<DBmcONANDm 
EEPROM<7)ffif&Zmi-¥mfflX'fo&. 02 7{i. 0 

2 ^risiti&^/sBriSfBlT**. 028 

(a) N (b)ll @2 64"^filYl-Yl' , 

Y2-Y2- umzm^mwmx'S>?>. 026 

[0 0 94] 02 6-02 8{C^fi-3t=. pfy'Jn 
y^K2 l±(C{i^^U-fe^N'7x;P2 2#«£*U 
:^t'J -t:;PN »7 x )V 2 2 t U *z)l-P*7x.)V 

2 3tmfcznx\^h> w§lx * y -t/pp -7x^2 3^ 

f*HMitt«2 6*«»***LT^6. -eLT, ^C7)h 

5y^m^N AND-k^JilT^i 3 izM&Z 
tlX^Z. 

[00 9 5] mfia>c : e , J-fe^P^x^23±U4 s 02 
7. 02 8tC^-rj;3^. if*S5nm-2 0nm^i 

wmfr^%hwiiv>¥-bfflm24imfiLZix. $ 

6fc:;^)»l<Dy-ne«l824±fc:J4KJ?t3&*l 00 0 
n m&±(T>m 1 O^^afy 'J3yl2 5 A«$ftT V ^ 

4. s^s. zcominz&gki'V^ym2 5h±rfmm 
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b l^yf*HMl«i2 6«0-»»5±Ktt. Jlfftf 1 0 
0 0 n m £Lb9* 2 c9£j£ H H H U 3 V>ti y- >J -fr 

4 bm^te&^U 3yKfctf>8WM!l2 7#Ufi£$fU 
MfBIg 1 ^ U a y« 2 5 i: £& a B B v- 'J 3 yJ^S, 

& W±>- y -9M b mb £& b b h >J 3 y§| t CtffWffli 2 7 
#7- K8S 3 2 c^fat&o fcttRfcJniSfta ZbiZ 

4. 

[0096]$ 02 7 fcjjtti 0 t, D&P 5 n 
m~l 0 nm(^»i^aR3&»fe*SI|S2coy-h«»R2 
8 *M * U -b^ P x ;U 2 3 * TV- h ±fc 

H9»J£3*u i^)IB2^y-MtSBK2 8±iiJ:rm 
IB y*#F4HiW* 2 6 0-ffl«±tiiv 1 
0 0 0 nm^±C0^3<r>^m^'J^ym$>h\>m.^U 

*h mt is u 3 ym t <mmmfr ^ mm? 
[ o o 9 7 1 a*:, fHE»aiy- h 2 9±t«, 027 

J: 3 fc, RJW 1 5 n m— 4 0 n mOfl 3 0>*f— 

««3 lifcli. BU¥#1 0 0 nm-4 0 0 nm«03f4 
v V 3 y £> 4 ^(Jy U -9--f Kit t J' U 3 

yifcm«fttfjBjss*LTi>4. £*>miKfcj:^ 

4. NAND-b;UCOKU->f ygPfcy-^gR^ 

14. N+ 13 3#1M$*XT^4. 
[0098] ifc, 027. 028t^-riaC 3S5 

commm 3 4 «t^Bf (c»A$ it. £ coss 5 o^kr 3 4 

tt&l 3 4 ±t« i CO * >- i/X r 77 5 ^ 3 6 fc««ES 

[00 9 9] 02 7. 02 8t=^-f-J:-3^, H 

8±tttl5fE4»ia«j5i««3 7tfiSR$il^b*v M4 
0#qEK3rt.T^4. *LT. ^ffiKtiAx^-^gV 
R4 l#7FM$ftT^4. 

[0 1 00] i-%bh. ; ogfs 2 <r>m^<mw^ NAN 

DlEEPROMIi. iX^i^tflteRS^T^S. 
^U3>S«2 1±tli. Bl MBSK2 4 SA- 
LTS* 1 mm&i'V ?>m2 5t y 3 « 

4 5/ 'J tM K K fc £t&ffi ^ U 3 yR t cr>«/IR 2 7 

m<?>-mz\zm2<7)y- htmm2 8 s a- LTsay- 

h (IS 2 2 9#IEt££*lT^4. 

[ 0 1 0 1 ] $ dfO^Jgy- f* 2 9±(Cii. B3 
oy-Mft»R3 1 SALTV-KH (§I3C0^J1« 



^) 3 2aA*gEI£$ixT^4. Z<7)£ oti:2m<r>^ -y 
T^4. 

[0 10 2] iCONANDSEE P ROMJi, fl* 

le^^y-tr^o-^'y h SfTIBt'-y MS4 OXtiV-X^ 

2b$-WL. iitffe^y-fe/uTWtoy-Kiis 
3 2 ats j: I/may- h&3 2 b *a«i-sffa!R*a 

fc. BOie^^yHr^TU-fCOt'-y MI4 o saBKi-sju 
[0 10 3] iji^io^H^^tl^NANDMEEP 
ttiflgjftW 1 <9iM£fc (3«3f|a]aT'$> 0 , PfflS0 1 6 1 

^•r. ^6O0i 6ti. mr&&. m*. M^ajLij^o 
am r*ms&^-r0T& •) , m i ct)^ h b h ^ y 3 
2 5t. ^tta^y3yK*4^«^y^ b'R^^ig 
a v y 3 yjRfc mil 2 7 1 <?>znmmfrt>tcz> f~ 

X?7l'-WZ\tWh a*l* tl # ii^lLE 1 3 V #Ep 
SD§fL. i/i?I*B#t0V^\ a*HlLi^*c«BIEV 

cc^EPjD$fL4„ 

[0104] zzx\ y-x^riy-h^-rh^^o 

*M:*Jft4±ifiLfe2o^jpJ^ifc:o^T*i.4. i 

■r . *# ii^coi^co^*^ y r y vymazmz. 0 

rb = (Ccf+Cbf)/(Cfs+Ccf+C 
bf ) 

tmhzhh. cco^ffocb f irf-xfTv-ht 
vmy- h raco§MT'$> 0 . 0 3 e Ltzmm 5 o 
y-x ^ r v - y Sr^r-f h * =e y -b^co^ft cbf u# 

%m.T&feztL&. l*>l. zcom2(Dm&<vmm<7)7 r 

f immy- h 2 9ofiy^i: 7-x?7u- b bomz 

iSy- h 2 9 fc^)ia(cJBjfiSti4SJtSJni.fc«>^)fc:* 

2 (vm&nftmiz^-tx * y -t^cojj 3 >y r y 
fiTcs*. ccf (7-m) 3 

2 a b V 2 9 HtfH8*C* D.Cfs (i#jSy 

- h 2 9 i: SKS^ST'S. 4 . 

[ 0 1 0 5 ] 4fc. 7 ry y^JtJi. 

( 1 - r b ) tr*bSiiS^, *Ki:??JS7-'-b 2 9 

rEHcom{iii£±# < t# . 5 x 0 i^ii^M*. 
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[ o i o 6 ] mz, 1 3-oc7)fij^c7), aijisiy- h ( 7 

-Fill) 3 2 a h ^ */M§CDg-»*7 7° V V ?*Jt£0 

*y*;K^fi#-y7°'jy^JtBb{4. _B£U:<}:? 

Bb= (Cox+Cboot)/(Cox+Cboot 
+ C j ) 

tmr>Zixh. Z\Z\X\ Coxii$lJpy-h (7-F 

3 2aif^^t«(?)y-hSi<7)gft, Cb 
o o t f47'-X? 7V- h 1 1-*r*)Vt VMV)?- b% 

[0 10 7] @]3 6^L^t¥*M5(7)7 , -X^7-l/- 

h- 'J -te/l'-eiis y-x^ri^-N^aT^ 

®ZM < L . ffiiy- 1-2 9 coETfc ^aTO<W»# 

■v *;P9fcolfc£g*c j ff'b $ < & 9 . ©J»?- F ( 7 
-H«) 3 2afcf-v*;U8|5fc^>|S|(»5§Jb&yryx^ 

NANDt;wr^mi£s<ti,;tK'i , m 

[0 108] yet. ±ie»2^atO»IB^NANDffi 

e e p r o u<7)mwmz-o \ *xwmt §.017-0 

2 8(4. S20li?)iIcONANDIEEPROM« 
RJIIS^^H-C**. 01 7, 20, 23, 2 6 
{4. »2W||J6<?5JK88<ONANDSEEPROM<0|8S 
HS(Ci3tf.g>¥E0-e&9. 018, 2 1, 24, 2 7 

•oiZKmBt* 01 9, 2 2, 2 5, 2 8i4Wfflc9l[ 
itI^t*J(tl. ;s FM04»COY 1 -Yl ' . Y2-Y2' 
Ki{^fc8lrffi0Tfc&. 

[o l 0 9] 01 7— 01 9«c*^J:3K. *1\ pS 
^'J3yi^2 l±t>t'J-l:^N'? I ^2 2^M 
L. <r0^y*;PN7i/P2 2rtt.X^ 'J-fe/PP^x 

^2 3t»*f4. *«DgL 01 9fc^f J:3fc, ME 

>t | jw^x/i-2 3w: > M^f-s?#«is« 

(ST I) 26£Mf&th. ZlX'li. wmhisyrm 
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